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USE OF STENCHES AS A WARNING IN MINES. 
By S. H. Karz, V. C. Atiison, and W. L. Eey. 


INTRODUCTION. 


In mines liable to fires from electric wiring, open lights, spon- 
taneous combustion, or other causes a means of warning the miners in 
order that they may reach a place of safety and avoid being trapped 
by the fire is of great importance. This is particularly true in some 
metal-mining districts where mine fires are frequent. The shafts 
there are usually deep and heavily timbered, so that the fires spread 
rapidly and air currents of high velocity may carry the poisonous 
fumes from the fire to many parts of the mines in a very short time. 

Electric gongs have been tried in metal mines and also in the coal 
mines of I]linois, but have not been satisfactory. The sound can not 
be heard far, and the circuits are kept in repair with difficulty because 
of the excessive corrosion of the wires and becauge of accidental 
grounding. As a means of signaling, some mines in the West have 
’ placed three-way valves, essentially the same as the stop and waste 
cocks in water lines, at various points in the compressed-air line. 
Turning one of these valves closes the line from the compressor and 
releases the air from that branch of the pipe. Interruption of the 
flow of air is the signal for the men to leave the mine. This method, 
too, is not satisfactory, because accidental interruptions cause need- 
less confusion and stopping of work. 

At the Belgrade mine fire at Biwabik, Minn., on February 1, 1919, 
water was turned into the compressed-air line to warn the miners of 
danger. Whenthe miners noticed the water they ran from their work- 
ing places and warned the others. The lives of all the men but one, 
who lost his senses through fear, were saved. 

Telephones have been placed in many large mines, the system run- 
ning to the vicinity of all the important workings. This means 
hitherto has been found the most effective for warning miners. 

The Butte & Superior Mining Co., of Butte, Mont., J. L. Bruce, 
general manager, tried the method of introducing valeric acid into 
the intake of the air compressor, and found that only a few minutes 
were required for the pungent odor of this substance to reach the 
farthest working parts of the mine. The method was brought to the 
attention of G. S. Rice, chief mining engineer of the Bureau of Mines, 
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4 USE OF STENCHES AS A WARNING IN MINES. 


by Daniel Harrington, mining engineer of the bureau, and at the 
instigation of Mr. Rice an investigation of various stenches was 
undertaken. 

Stenches as a warning have a decided action; they exert a posi- 
tive effect because of their offensiveness. When miners smell the 
disagreeable stenches described in this paper, they instinctively de- 
sire to obtain pure air at once. If the miners can not obtain pure 
air readily, however, they can tolerate the stenches without much 
discomfort. 

The velocity of air through compressed-air lines in metal mines is 
usually hundreds or even thousands of feet a minute, so that trans- 
mission of a stench is rapid. Warning by stenches is particularly 
adapted to mines equipped with compressed air. In coal mines, 
where only the ventilating current is available for carrying a 
stench, the average velocity is low, of the order of 200 feet a minute 
or less. If the velocity of the air in a compressed-air line is rapid, 
a small quantity of material would give more effective warnings than 
the same quantity in a ventilating current, because of being liberated 
in concentration at the points where most needed, and being less 
diluted with air. However, the method may be useful in some me- 
chanically ventilated mines where compressed-air lines are un- 
available. 

The stenches were first tried in the laboratory and those that 
seemed most promising were then tested in the experimental mine of 
the Bureau of Mines. Later tests were made in the large metal mine 
of the North Butte Mining Co., at Butte, Mont., the Central mine 
of the North Star Mining Co., and the Empire mine of the Empire 
Mining Co., both of Grass Valley, Calif. This paper gives the re- 
sults of the tests, with a discussion of their practical application to 
operating conditions. 

Of the chemicals tried, butyl mercaptan is the best adapted for 
the purpose in view, but as yet there is no commercial source of this 
substance. Ethyl mercaptan, butyric acid, and amyl acetate, which 
may be obtained of chemical supply houses or manufacturers, give 
excellent results. 
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NECESSARY PROPERTIES OF STENCHES. 


In order that it be useful for the purpose in view, the chemical 
used should have the properties described as follows: 


NONTOXICITY, 


Obviously a stench should not be toxic. In order to make the 
warning harmless, under any possible conditions of mismanage- 
ment, nontoxicity or absence of injurious effects on the human sys- 
tem is the first necessity. Also, the vapor must have no lachryma- 
tory or other irritating effect on the eyes, lest miners become unable 
to find their way. e 


MODERATE VAPOR PRESSURE. 


The vapor pressure of a chemical may be considered a measure 
of the rate of evaporation. The higher its vapor pressure, the more 
rapidly a substance evaporates and the greater the quantity of it 
that a given volume of air will hold. Moderate vapor pressure is 
needed to prevent the possibility of an excessive concentration of 
the chemical in any part of the air of a mine. Although it is 
advantageous to be able to create in the escaping air such concen- 
trations as when diluted with the surrounding air in the mine, will 
give the desired effect, yet the maximum concentrations possible 
should be low enough to prevent harmful effects, even if breathed 
undiluted for a time. By the use of chemicals with a lower vapor 
pressure, the breathing of vapors in excess of certain comparatively 
low concentrations is automatically impossible, 


ODOR, 


The odor preferably should be disagreeable, rather than pleasant, 
in order to be most effective as a warning, and should be distinctive, 
so that there would be no danger of mistaking it, 
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6 USE OF STENCHES AS A WARNING IN MINES. 
AVAILABILITY. 


Substances that can be readily obtained in the market at moderate 
prices are to be given preference; but if such substances do not 
answer the purpose, those that may be prepared without difficulty 
in the chemical laboratory are to be desired. 


EXAMINATION OF ODORS IN THE LABORATORY. 


APPARATUS. 


The apparatus used for the examination of the stenches, the 
* odorometer,” is shown in figure 1. It consisted of a number of 
flow meters of the Venturi type, so arranged as to pass a measured 
volume of air, flowing at a uniform rate, over or through the sub- 
stance, and then to mix this concentrated air-vapor mixture with 
pure air in various measured quantities flowing at uniform rates. 
The concentration of the substance was measured by determining 
the loss in weight after the measured air had passed through it. 
From this data and the total volume of air with which the sub- 
stance was mixed, the concentration in parts per million, grams per 
cubic foot, and cubie centimeters per 1,000 cubic feet were calcu- 
lated. The aif with the admixed chemical was passed through a 
rubber tube with a glass funnel at the open end. The funnel, when 
placed over the nose, enabled the cperator to smél] the mixture 
before it became contaminated with room air. 

The apparatus was placed in a hood provided with strong suction 
und the room was well ventilated to prevent the operator continually 
smelling the odor, as this would tend to lessen his sensitiveness to 
differences in the degree of concentration. 


SCALE OF INTENSITY FOR ODORS, 


An arbitrary scale for odors of five degrees of intensity was 
adopted. The degrees are called: (1) Detectable, (2) faint, (3) 
quite noticeable, (4) strong, (5) very strong. 

Only one inhalation was used to determine intensity. The posi- 
tion on this scale of any strength of odor depends on the sensibility 
and judgment of the individual, but with one person conducting a 
test from start to finish, the method has been found decidedly satis- 
factory. 
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Figure 1.—“ Odorometer,” the apparatus used in the laboratory for measuring odors. 


187300°—20——2 


Digitized by Google Original from 


PRINCETON UNIVERSITY 


8 USE OF STENCHES AS A WARNING IN MINES. 
RESULTS OF LABORATORY INVESTIGATIONS. 
The substances examined in the laboratory were as follows: 


Substances examined, 


Amyl acetate. Ethyl mercaptan. * Chloroform. 

Ethyl! acetate. Propyl mercaptan, Todoform, 

Amyl alcohol, Amy! thioether. Artificial niusk. 
Butyric acid. Ethyl thioether. Nitrobenzene. 
Valeric acid. Allyl esothiocyanate. Phenyl! isocyanide. 
Ethyl! ether. Methy! esothiocyanate, Pyridine. 

Butyl mercaptan, Amy! isovalerate. Methyl salicylate. 
Tsobutyl mercaptan, Carbon tetrachloride. Ol of peppermint. 


Table 1 gives the results of the examination of those substances 
found useful for mine warnings. Figure 2 shows the results graph- 
ically. Table 2 gives the chemical, physical, and physiological 
properties of the substances. From figure 2 it is interesting to note 
that the cumulative effects of increasing concentration vary greatly 
with the different substances. It is seen that butyl mercaptan gives 
a strong odor at very low concentrations, and because of its low 
vapor pressure at ordinary temperatures and its harmlessness, seemed 
most promising for use in mines, However, this chemical can not 
he obtained in the market at the present time. 

Ethyl mercaptan is nearly as good for this purpose, and may be 
purchased in the market. This substance has the disadvantage of a 
high vapor pressure at ordinary temperatures, so that excessive 
quantities can be introduced into the mine, if the operation is not 
conducted properly. Recent tests made at the American University 
experiment station of the Chemical Warfare Service, United States 
Army, on the toxicity of the vapor of ethyl mercaptan have shown 
that the vapor is harmless. 

Of the various substances tested and found useful, butyric acid 
and amyl acetate are most readily available. The former may be 
obtained from chemical supply houses. The latter is artificial banana 
oil, used in paints and lacquers. It may be obtained from paint 
dealers or chemical supply houses. 
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USE OF STENCHES AS A WARNING IN MINES. 


Tans 1.—Results of measurements of the intensity of various stenches with the 


odorometer, 


Volume of Substance, as a Perfect Gas, per Million Volumes of Air. 


| 
| Intensity of gdor. 
| 
Name. | | ; 
Detect- ; uite Vv 
Faint notice | Strong. sy. 
able. chle. ong. | strong. 
| 
Amy] acetate... .cccccccccccccccccees schansdeaeae ees 7 10 13 | 246 
ButynO acids ficczancsacacsacccdoss ocvesecsdebscenes 2.4 18 91 161 
Valeric acid........ stenshspasqocsmeresetuenetede nese s 7 29 125 332 962 
Biityl mercaptalscsccassscccacesoos sxasesecwageceass 6 1 18 38 56 
Tenbuly) Merce atie nic cance cess seo-h ssn desasaende o 3.5 5 7 ll 16 
Ethy) mercaptan...........-.-.---.+25- salyea sels eevee 18 35 73 141 198 
Pea MOTCAPAN Sc. cccconse vnc otercsscavevecsaye as 2 9 14 17 
AMY! thioether. ..rsscccccccsoccccsacnsntacacstereene 2 1 1.6 17 2.2 
Ethy] thioether.......... Su catecsotebtatatepensaaasse 3 12 29 61 74 
Amy) isovalerate..... Jseceness or edeceevteressceess oe 1.7 3 6 10 12 
Phenyl isocyanide............- eee cece cece eee cer eree 35 1 3 10 25 
Oil of peppermint............-.-- Ragas sdne sols eaeas ekews scales ao pnex weleesasee weelecccccccccleccccccces 
Milligrams per Cubic Foot of Air. 
ATNYAOGAOS, Jecaseascdccharasecescascesaasees seuss 1.1 1.8 2 14 38 
BGCyrIGACIGS Sos ncchegee ewaceccanscsgtaedesssaascoee +3 .6 2 9 16 
Vateric acid.......... pisaciaSetnshdghdenstsht eles c6ne 8 3.4 15 39 114 
Butyl mercaptan .........-..2+--.0200- Seca Senne ae 5 1.0 2 3 5 
Tsobuty!] Mercaptan......0csecssccesccceesdocencecece 2 5 ov 1 2 
Ethyl mercaptan..............-.eeceseeeeeeecees 1.3 2:5 5 10 14 
reas MercaptaNn. ...5...cessceswsvcccese .2 6 8 1.2 1.6 
Amy] thioether...........-.-.- aseace Fe 04 2 3 «4 -5 
Ethyl thioether...........-.-.-.+.-- 3 1.2 3 6 8 
Amylisovalerate.....-.--.--- 4 5 1 2 2.3 
ae isocyanide.......... | 06 al +4 1 3 
Oil of peppermint ....... 22.2.6... eee ee eee eee eens - 68 a) 3 9.5 9.9 
Cubic Centimeters of Liquid per 1,000 Cubic Feet of Air. 
| 1 
AMyl aCelatO,ssiceeviaseas cose sve scatenseesecesesene | 1.3 1.7 2.3 | 16 43 
BntyTiG ackdiaessssseavescsnsveseceucone: : 3 6 2 | 9 17 
WaleriO Geld, . so. secs sence ssassasews 8 3.6 16 | 41 121 
Butyl mercaptan..... 6 1.2 2.3 3.4 6 
Isobutyl mercaptana. 2 6 8 1 2 
Ethyl mercaptan..... 1.6 3 6 12 17 
as mercaptan®, 2 oe 9 1.4 1.9 
Amy] thioethere.. 04 2 -3 4 5 
Ethyl thioether.. 4 1.4 4 7 10 
Amylisovalerate... 5 -6 1 2 3 
Phenyl isocyanide.. +06 el A 1 3 
Oil of popperMiNt... 2... eee eee cece cece cece eee e wees ot 1 3 10 bt 
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a Specific gravity assumed to be 0.850. 
b Specific gravity assumed to be 0,548, 
¢ Specific gravity assumed to be 0.900, 
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TaBLE 2.—Chemical, physical, and physiological properties of odors useful for 
mine warnings. 


Name. properties Remarks. 
of vapor. 

Amy! acetate. .| CHsCOO(CH:)4CHs. Harmless .| Pleasant to 
most per 
sons. Dis- 
tasteful to 
some. 

Butyricacid...| CH3(CH:),COOH.. Neer dleaiton: - 960 | 162.3 oH. asBO cence 

| able, like 
Stale butter. 
Valeric acid....| CH GHG ae sestvressO0scseaces 
Butyl mercap- | CH3(CHz2)s3SH....... 
tan. | 
Isobutyl mer- | (CHs)sCH:CH:SH. Unknown.| Probably 
captan. harmless. 
ig ager CH;CH2SH.........]..... , sedOs iss. Do 
an. 

Propy! mer- | CH3(CH:):SH at Gawa cae Do. 

captan. 

ene thio- | (CH3(CH2)4)2S.......] Very disagree- |.......] 216 [.......]..- do...... Do. 

ether. 

ger thio | (CHsCHz):S.........].....d0........ . 5]. dO... 2. Do, 

ether. 

Amyl isoval- | (CH3)2CH.CH;COO-] Disagreeable, | .855 | 190 |....... Harmless . 

erate. CsUin but some- 
wnayetaxe 

Phenyl isocy- | CeHs. NC..... 7 aM ISR Tees eee! Unknown. Do. 

anide. 

Oil of pepper- |.......- sevekSerenezed ante... 510° | gaccceledeeced Harmless - 

mint. 


a Thick. 
TESTS IN MINES. 


Tests of stenches were conducted in the experimental mine of the 
Bureau of Mines, located 1 mile south of Bruceton, Pa., and in the 
North Butte mine at Butte, Mont. 


DESCRIPTION OF THE EXPERIMENTAL MINE, 


The experimental mine of the Bureau of Mines, shown in figure 3, 
consists of two parallel drift entries, 1,308 feet long, called the “main 
entry ” and the “air course,” and one pair of butt entries, driven to 
the left at points 850 and 900 feet from the mine opening, with a set 
of five rooms turned from No. 1 butt. The air enters the air course 
at a point 135 feet from the mouth, from a gallery slant 350 feet long. 
For these tests the fan was run as a blower, the air current intaking 
on the air course and returning on the main entry. 

The compressed-air line extends in the air course to a point 650 
feet from the mouth (A 650), where it passes into an expansion tank 
and water trap, with a small opening for the discharge of the accu- 
mulated water. The tank is placed in the cut-through, about 15 
feet from the ventilating current. From this point the line extends 
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USE OF STENCHES AS A WARNING IN MINES, 13 


along the air course, up No. 1 butt, and through the rooms, as shown 
in figure 3. In the first cut-through between the butt entries the air 
operates a small reciprocating water pump. The line is 2-inch pipe 
throughout. 

INJECTOR FOR LIQUID STENCHES, 


The liquid chemical was dropped into the compressed-air line just 
outside the engine room containing the compressor and receiver. 

The mechanism used for injecting the chemicals into the air line 
is shown in figure 4 and in Plate IL. It consisted of a pressure in- 
jector, such as is used for oiling steam-engine cylinders, which was 
screwed into an enlarged section of pipe built into the air line. 
Pressure was admitted to the space above the liquid; a needle valve 
on the bottom regulated the flow of liquid into the pipe. Directly 
underneath the injector a wire screen was placed in the pipe, slanting 
upward in the direction of the air flow. A second screen was placed 
about one-fourth of an inch behind the first screen in order to catch 
any drops which might be thrown through the first screen before 
being volatilized. The container being calibrated, the volume of 
liquid present at any instant could be read directly by means of a 
vertical scale on the outside of the glass. By taking frequent read- 
ings of the quantity remaining in the container and timing the flow 
with a stop watch the rate of injection of the substance into the air 
line could be carefully regulated. Tn these tests no attempt was 
made to determine whether all of the substance was volatilized as 
rapidly as it dropped on the screen, but the laboratory experiments 
indicate that it may have been volatilized. 

This injector is simple in construction and could be easily built 
into any pipe line. In practice any type of valve could be sub- 
stituted for the needle valve. It would be advisable to place such 
an injector in a by-pass with valves at both ends, in order that con- 
tamination of the air could be stopped at any instant, even though 
some of the liquid still remained upon the screens. 


METILOD OF CONDUCTING EXPERIMENTS IN THE EXPERIMENTAL MINE, 


A measured amount of the liquid chemical was placed in the 
injector, and at a prearranged time this was allowed to drop on tha 
screen in the air line, the rate of injection being controlled by adjust- 
ing the needle valve. 

The air was allowed to discharge into the mine at the positions of 
the observers, as shown in figure 3. A compressed-air puncher was 
operated at the face of one or the other butt entries (observers 3a 
and 3b), the pump in No. 1 butt was started (observer 2), and 
valves at the expansion tank at A 650 (observer 1), and near the 
face of 5 room (observer 5), were opened just enough to allow a 
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slight leak. In some of the tests, when the puncher could not be 
operated, the valve was opened to allow about the same quantity of 
air to pass as when the machine was in use. Each of these observers 
was placed about 15 feet from the outlet of the pipe, except at the 
puncher where the men were operating the machine in the usual 
manner. In addition observer 4 was placed in No. 2 butt, just outby 
the last cut-through, and another (No. 6) at the mouth of the return 
entry. In order to reach this last observer, the odor had to be car- 
ried by the ventilating current a distance of 1,950 feet—that 1s, 
from the junction of No. 2 butt, and the Jast cut-through, near 
observer 4. The time at which the odor reached each station was 
noted, the watches of all observers having been previously compared. 
The observers were instructed to record in each test the time at which 
the odor became so strong that it would be observed with certainty, 
even if it were not being expected. 

A series of tests was first run with five different substances, butyl 
mercaptan, valeric acid, amyl acetate, butyric acid, and ethyl mer- 
captan, to determine their relative suitabilities. 


DESCRIPTION OF TESTS IN THE NORTH BUTTE MINE. 


Tests were conducted at the Granite Mountain shaft of the North 
Butte mine, Butte, Mont., to determine the effectiveness of stenches 
under actual working conditions in a large metal mine. The fol- 
lowing extracts are from a report by Daniel Harrington, mining 
engineer of the bureau, who directed the tests: 


The North Rutte mine, chosen in which to make the test, is one of the 
largest and most extensive mines in the Butte district, having active workings 
at practically all horizons from the surface to the 3,600-foot level and an output 
of over 2,000 tons per day. Several different veins are worked, and the mine 
has upward of 30 miles of levels and many additional miles of raises, manways, 
stopes, ete. Over 1,000 men, about 500 being miners, are employed underground 
on two shifts, when the mine is producing at a maximum rate, though the 
underground force at time of muking the tests was probably less than 700, 
probably 375 being miners. 

Approximately 10,500 cubic feet of free eir is eompressed by three air com- 
pressors near the Speculator shaft and conveyed by pipe about 700 feet to the 
eollar of the Granite Mountain shaft, thence down the Granite Mountain shaft 
to the various levels, the air pipe on various levels being 2 and 3 inches in 
diameter. All working faces are supplied with compressed air, and when 
working at maximum cupacity the three compressors ure unable to supply 
enough air to keep the pressure in the underground lines much above 50 
pounds, and the pressure frequently is less than 50 pounds. At time of making 
the stench tests only two compressors, with «a capacity of about 7,000 cubic feet 
of free air per minute, were required, giving a surface air pressure of nearly 
90 pounds and an underground pressure of about 80 pounds. 

From the above it will be seen that the velocity of compressed air in pipes 
would be much greater when the mine was working at maximum capacity (as in 


137300°—20——_3 


Google 


16 USE OF STENCHES AS A WARNING IN MINES. 


the summer of 1918) than when the stench tests were made: hence stench 
odors would probably be transmitted to working faces more quickly under con- 
ditions of maximum ore production than the tests show. 

The mine has about 350 compressed air drills at work when operating at 
maximum capacity, and at the time of making the tests probably 150 drills 
were in use. Drills will, in general, use about 50 to 80 cubic feet of air per 
minute, and a drill will average 14 hours actual drilling (using compressed air) 
per 8-hour shift. 

The mine is one of the best ventilated in the Butte district, having two upcast 
shafts, each with an electrically driven suction fan at the surface and one up- 
east shaft using netural ventilation. The main downcast shaft is the Granite 
Mountain, which distributes more than 82,000 cubie feet of air per minute to 
regions below the 2,000-foot level, as follows: 8,600 feet on the 2,200 foot level, 
17,800 feet on the 2,400, 22,200 feet on the 2,600, 16,300 feet on the 2,800, and 
17,200 feet on the 3,000-foot level. In addition, a small fan electrically driven 
forces air through canvas pipe from the 3,000-foot level to the faces of cross- 
cuts between the 3,000 and 3,600 foot levels; and on various levels air is dis- 
tributed to the faces of drifts, crosscuts, raises, and stopes by means of small 
fans and canvas pines. The velocity of air in the canvas pipe ranges from 2.000 
to more than 5,000 linear feet per minute. This mine is much better ventilated 
than most metal mines, but it should be borne in mind that the stench tests as 
conducted were not in the slightest degree affected by the fan ventilation and 
the results attained would have been the same had there been absolutely no 
fan ventilation in the entire mine. This is important, as it would be fatal 
to rely on fan ventilation to convey warnings in metal mines. Comparatively 
few metal mines make any attempt to insure air circulation at the working 
faces where most of the men would be working and where the warning would 
be most needed. The tests show thut fan ventilation is not necessary to the 
success of stenches as warning in metal mines, the compressed-air system being 
sufficient in itself, 

Through the kindness of Mr. N. B. Braly, general manager of the North 
3utte mine, an apparatus for introducing the stench had been placed in a 
building near the collar of the Granite Mountain shaft, the apparatus being so 
situated and constructed as to be of use permanently provided the tests were a 
success. Unfortunately, about 25 feet or more of 1-inch pipe intervened be- 
tween the point of introducing the stench material and the point at which it 
reached the main air pipe. ests 1 and 2 proved that the small amount of 
stench fluid, with essentially the same pressure both before and behind it 
would not be effective by the time it traversed this 25 feet’ or more of small 
pipe. After the second test I pointed out this to the general superintendent, 
Mr. L. D. Frink, and he had the introducing apparatus placed immediately 
over the main air pipe in such manner that every drop of the stench fluid im- 
mediately entered the main pipe. With this rearrangement of apparatus test 3 
was a complete success. 


DESCRIPTION OF TESTS IN THE CALIFORNIA MINES, 


In order to try the stenches in different mineral mines and also 
under other difficult. conditions, further tests were made in the fol- 
Jowing gold mines: The Central mine of the North Star Mining Co. 
and the Empire mine of the Empire Mining Co., both at Grass Val- 
ley, Nevada County, Calif. In the North Star mine amyl acetate 
was used; in the Empire mine, butyl mercaptan. The following 
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quotation is from a report of the tests by B. W. Dyer, mining en- 
gineer of the bureau, who assisted in the tests: 

The Central and the North Star are two of the oldest gold mines in Cali- 
fornia and two of the five largest producers. The mines have deep shafts, long 
crosscuts, and extensive workings. On account of the small amount of timber 
used in these mines there is little chance of fire, but the management of both 
companies, after the tests were made, are going to have the injectors for intro- 
ducing the stench made a permanent fixture and obtain a supply of stench 
material. Then, in the event of danger, the men can be quickly warned. 

To warn all places in their mines by sending men would take from one to 
three hours. With the stench, men in all parts of the mine got the warning in 
not more than 20 minutes, only those places where very little air was used 
requiring as much as 20 minutes for the stench to reach them. 

TI stayed until the shift was hoisted after both tests and talked to the bosses 
and miners. All felt that the test was without doubt a success. 


RESULTS OF MINE TESTS WITH DIFFERENT STENCHES, 


The results of the tests in the mines with different stenches are 
given in Table 3. 

The time values given for the different tests in the experimental 
mine appear to be rather inconsistent, but this variation is no more 
than would be expected in such circumstances. Some observers 
probably recorded the first detectable odor, whereas others waited 
for a stronger indication. The slowness of recording the presence 
of the valerie and butyric acids was due more to the failure to dis- 
tinguish the odor, in small concentrations, from the normal mine 
odor than to any delay in the arrival of the vapor. 

There was also some variation in the velocity of the compressed 
air through the pipe line, as indicated by the low pressures given in 
Table 8. This is particularly true of the tests with butyl mercaptan 
and butyric acid. 

Reference to the plan of the experimental mine, figure 3 (p. 12), 
shows that the quantity of air in the ventilating current would 
have little effect on the strength of the odor as observed at the 
various stations, except those where observer 6, and particularly 
observer 4, were stationed. 

In each of the three tests at the North Butte mine, the quantities of 
stench used were less than those recommended. Also, in two of these 
tests the long length of pipe through which the liquid had to pass to 
reach the air current was unfavorable to good results, because much 
of the liquid used simply wet the walls of the first pipe; then, too, 
the liquid required a much Jonger time to reach the air stream, and 
probably dripped into the air stream over a period much longer thats 
the time required to leave the holder. Thus the concentration of 
stench in the air stream was reduced. In the test with amyl acetate, 
when the long preliminary pipe had been removed, the results were 
excellent. 
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The tests in the California mines were conducted with more stench 
material than was reconimended. In the tests of butyl mercaptan 
11.5 ¢. ¢. per 1,000 cubic feet of air were used, whereas 5 c. c. per 
1,000 cubic feet of air is sufficient. However, the men in the mine 
were not bothered hy the stronger concentrations. The time required 
for the stench to reach the observers varied from 8 to 10 minutes, 
and the odor was carried to all parts of the mine in 20 minutes. 
Both tests proved highly successful. 

In the tests described, stench-laden air escaped from machines or 
from definite openings in the pipe lines. However, in practically 
every stope of a metal mine, the air pipes, valves, or joints have 
leaks sufficient to liberate the stench, so that even if machines were 
not running the men would receive the warning. 


CHARACTERISTICS OF THE STENCHES USED IN MINE TESTS, 


The characteristics of the materials used in the mine tests are as 


follows: 
BUTYL MERCAPTAN, 


Butyl mercaptan has a powerful and exceedingly disagreeable 
odor, even when used in small concentrations. The odor is char- 
acteristic of this substance and will not be confused with any odors 
commonly found in mines. The rapidity of evaporation is moderate ; 
therefore, there is little danger of getting too strong a concentration. 
If the substance is used in excessive quantities, it is difficult to clear 
the mine of the odor. The chief disadvantage to using butyl mer- 
captan as a stench warning in mines is that it can not be obtained in 
the market at present, but a manufacturer is experimenting with a 
view to producing it. Butyl mercaptan can be made in the labor- 
atory, and, if desired, instructions for preparing it will be furnished 
by the Bureau of Mines. 


ETHYI. MERCAPTAN. 


Ethyl mercaptan is also an excellent stench, having a disagreeable 
and characteristic odor. Ethyl mercaptan evaporates rapidly, how- 
ever, and care should be taken not to use it in greater concentrations 
than given in Table 5 on page 25 following. When not in use it 
should be kept in a tight container. Ethyl mercaptan may be ob- 
tained in the market in 1-gallon cans or 5-gallon drums. 


AMYT. ACETATE. 


Amyl acetate, which is artificial banana oil, evaporates readily 
and gives «a rapid and sure warning throughout a mine. The odor 
is rather pleasant to most people, and therefore is not so suitable 
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a warning as one more disagreeable. Amyl acetate is inexpensive 
and can be readily obtained from any paint dealer or chemical sup- 
ply house in quantities desired. 


BUTYRIC ACID. 


Butyric acid is readily obtainable in the market. Unless the con- 
centration used is large, however, the odor may not be distinguish- 
able from other odors existing in mines. The odor is very unpleas- 
ant when strong, but is not nearly so disagreeable as that of the 
mereaptans. Butyric acid evaporates slowly, as compared with the 
mercaptans and the amyl acetate, and difficulty might be experi- 
enced in having the air take up enough to thoroughly permeate a 
very large mine, or one using a large quantity of aiv in the ventilat- 
ing current. 

VALERIO ACID, 


Valerie acid, which may be readily obtained, has about the same 
properties as a warning stench as butyric acid. The odor, how- 
ever, is not easily distinguished from mine odors. This substance 
evaporates much more slowly than butyric acid, and strong con- 
centrations in air are difficult to obtain. Where the ratio of ven- 
tilating current to compressed air is high, it would probably be im- 
possible to pass enough of the material through the air line to ob- 
tain the desired concentration throughout the ventilating current. 


HARMLESSNESS OF THE STENCHES. 


All of the above substances are known to be harmless, even in 
strong concentrations. When the tests were made in the experi- 
mental mine, the men were told to go to fresh air if affected by the 
smell, but they all stayed in their places. They knew that a small 
quantity was to be used and expected the odor to last only a short 
time. One man complained of « slight headache during the first 
test, in which butyl mercaptan was used, but this passed away after 
he had been assured that the vapor was harmless. 


RESULTS OF MINE TESTS WIT! DIFFERENT CONCENTRATIONS OF BUTYL 
MERCAPTAN, 


A series of tests was made in the experimental mine with differ- 
ent quantities of butyl! mercaptan in order to determine the mini- 
mum amount that could be positively detected. The results, which 
are shown in table 4, indicate when very small quantities are used 
the resulting odor is not as strong as might be expected from the 
calculations. This is due to losses at various points along the com- 
pressed-air line. In the tests with the smaller quantities, the usual 
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rate of injection could not be maintained, resulting in a rather weak 
und unsatisfactory warning. 

In the test in which 10 c. c. was used, the odor was readily observ- 
able near the opening of the compressed-air pipe, but was rather 
weak when the escaping air became diluted with the fresh air of the 
ventilating current. Using the same relative concentration where 

larger quantity of air is used or where the ratio of ventilating 


current to compressed air is lower should give a fairly positive 
warning. 


TasBLe 4.—Results of tests with various concentrations of butyl mercaptan. 


Ttem. Test 1. | Test 2. 


Quantity of hquid used, €. C... 2.2... cece eee eeeeeeecee econ eeee ee 05 20 5 
Rate of injection, c. c. per MINULE...... 22. eee eee cece eee eens 29.8 26.7 15.8 
Pressure on air line at compressor, pounds per. squi are inch . 72 25 65 
Estimated quantity of free air passing through com pressed- ‘air’ 
line, cubic feet per minute... 2.2.2.1... ee cece eee w cece ee eeeee 50 74 4 
Estimated av erage Velocity of air passing through pipes, ‘cubie 
Set por Wie Soa tanaa'soae 390 1,241 359 
Quantity of air in Ventilating current in mine, cubie feet | per’ 
minute. . Bowe ddovecdtscusledabsescuasestewveses scars ved 5, 000 5,000 4,000 
Average velocity of ventil: iting current, cubic feet | ‘per ‘minute. $4 $4 67 
Concentration in ventilating current: 
Milligrams per cubic foDbocds cetci erst zsaeedeechs seatteaoss 5.06 4.51 3.35 
C. e. per 1,000 cubic feet.......... ibaa awd, Senesuceareon Ea 5.90 5.26 3.91 
Observer 1: 
Station at........... Span wecavenpecsdpessenwdopacaaned A 650 
Pipe lengths: 2: oo ee ccba sess ca secaceswesseames 1,135 feet 
Observer stationed at pipe opening. 
M.S.) M. 8. M. 8. 
Time required for odor to reach station............. axepenaa 5 26 0 55 3 
Observer 2: 
Btation ats . osccce sess cessecsseeevsces eeceee bcasese 1B 100 
Pipe lengttos ca. sscc2ecdenseceasbasseone weeeeeeeel,470 feet 
Observer stationed at pi pe opening, 
Time required for odor to reach station. ....... ededeencavees 7 00 1 45 42 
Observer 3a: 
Btation at. : sceccansannasavencssse Raesawees err 1 B 400 
Pipelength ss ccdescesiancesdasiedeasses waeesees---1,760 feet 
Observer stationed at pipe opening. 
Time required for odor to reach station......... oaseedoncaca BBB beacecnessslececcasdselsccstecncs 
Observer 3b: 
Btatlon ahiscdsacssessssecascecccs pdeacevossseccess-2 DOI0 
Pipe lengtl sss... cave svavewsesses moss enescosesesl, (56 sect 
Observer stationed at pipe opening. 
Time required for odor to reach station. .........ccccesecencleccecenecs 0 16 5 00 5 10 
Observer 4: 
Station at..... uieSiscacbanneaape es Svecstasteeteeses 2 B 290 
Pipeillength ..s s/.c0csecsvetsectaton bpadaontduseseual) (ob Feb 
Observer stationed at pipe ope ning. 
Time required for odor to reach station. ............2....08 -| 11 20 4 2 nl 15 122 «15 
Observer 5: 
Station nt.........0-----eeeeee eee ee eee tee ee eee ees 5 R175 
Pipe lengths sc. ddisi aor wacatectonecetegsseperedpen 1,485 feet 
Distance on ventil: sting current odor had to travel from 
ipe opening to reach ObserVer......0ee--20+2+---300 feet 
me required for odor to reach ObSCrVer...seceseeeseess- ++ 16 16 6 48 23 35 19 25 
Observer 6: 
Station Ab...: ccaqdesceucscsadcca aaasestpassbabecparasser: 0 
Pine IONeth ssa usssucsvecsnssncecasaveaneas.ses 1,760 feet 
Distance on ventilating current odor had to trav el to reach 
ODS VEE. cost decdeessececddce veserevedineatees 2,000 feet 
Time required for odor to reach observer. .....2-2eeeeeeeees 3325 43. 02 29 00 34 00 
Remarks........--- pivesessctvevabansthewovsedavatesasectevacee (4) (») (¢) (4) 


@ Strong and disagreeable odor difficult to clear from mine. 
> Strong, disagreeable odor 

¢ Odor noticeable but not strong, 

@ Odor weak and uncertain. 
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METHODS OF USING THE STENCHES IN MINES. 
INJECTOR, 


Any pressure oil-cup device that permits the liquid to be placed 
in the compressed air pipe against the air pressure will be satis- 
factory for introducing stenches. The sight-feed glass shown in 
figure 4 (p. 14) is recommended, because the operator can see that 
the material is entering properly. The discharge valve should be 
so arranged that it will open only far enough to permit the proper 
rate of flow. This rate can be determined by trying with the same 
volume of water, but such tests should be conducted with all the 
usual connections made to the air line and with pressure on. Some 
convenient arrangement should be made for pouring the chemical 
into the injector, such as the filling plug shown in figure 4, Ordinary 
fly screen may be used beneath the injector. The finer the mesh the 
better, if it does not obstruct the flow of air. The screen should be 
placed at an angle, as shown. 


POSITION OF INJECTOR. 


The injector should be placed on the discharge side of the com- 
pressor and receiver, in order that the chemical will not pass through 
any machinery or be held in storage reservoirs. 

It has been suggested that the stench be put into the inlet of the 
compressor so that the entering air would take up the stench. There 
are reasons why this is not advisable: The substances that are most 
suitable for stenches are solvents for lubricating oil. If the stench 
is introduced into the intake side of the compressor, some of it may 
be carried into the cylinder as liquid, or the vapors may condense 
to liquid under compression. This liquid would cut the oil in the 
cylinder and destroy its lubricating properties; also, certain pack- 
ings might be harmed by it. If the stench is introduced into: the 
pressure side of the line, there will be no danger of the vapors at- 
tacking any lubricating oils, packing, or other materials in the parts 
through which the air must pass. 

The injector should be placed in a removable section so that after 
being used the injector can be taken out and cleaned of any excess 
material. This section should preferably be larger than the main 
line, in order to get a lower velocity of air passing through the 
screen, and prevent drops of the liquid being blown off and de- 
posited in the bottom of the pipe. Also, this section should be in 
a by-pass with valves at both ends and with a valve in the main 
line, so that all the air may be forced through the screen. After 
use, the valves on the by-pass should be closed as quickly as the 
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main line ean be opened, in order to prevent. any excess stench from 
being carried into the air line, if too much should have been dropped 
on the screen. 

QUANTITY OF CHEMICAL TO BE USED. 


The quantity of chemical necessary to give a positive warning in 
any given mine can not be determined beforehand with accuracy, 
because of the many factors involved. If the compressed air is 
fairly evenly distributed throughout the mine and the volume of 
air supplied by the ventilating current is large, compared to the 
volume of compressed air, enough of the chemical should be put into 
the mine in one minute to impart a strong odor to all the air pass- 
ing through the mine in the same period. If, however. a large pro- 
portion of the compressed air goes to that area of the mine which 
has little ventilation and only a small part of the air to the areas 
having relatively large ventilation, the former area would receive 
a very strong odor while the latter would receive a comparatively 
weak odor. In this event the quantity of chemical would have to be 
increased to take care of the strongly ventilated areas. 

Where there is no ventilation other than that due to displacement 
by the compressed air, the quantity of liquid to be used will depend 
upon the ratio of the volume of air supplied to the volume of the 
working place that it is desired to fill. The odor from a stench 
will gradually diffuse through a large area, even in perfectly still 
air, but this takes a relatively long time. Where men are scattered 
throughout workings with no ventilation, as in many metal mines, 
it would be better to have the “ leaks” in the air line near the men 
farthest from the mine opening and have these men on their way 
out warn the others. 

Taking into consideration these various factors, data have been 
given in Table 5 by which the amount of each of the substances that 
may be used can be calculated for any mine when the ventilation 
is known. It is believed that these quantities will give satisfactory 
results in practically all mines, but the quantities may be changed to 
conform to unusual conditions. Very little advantage, if any, will 
be gained by using larger quantities than are recommended in this 
table. and it will be much more difficult to clear the mine after 
using the larger amounts. Whatever quantity is used should always 
be injected during an interval of one minute. 
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TABLE 5.—Quantity of different atenches to use per 1,000 cubic feet of free air 
per minute entering mine (compressed air and ventilating current). The 
total amount to be used is to be injected in one minute. 


Chemical, Qaantte y, Remarks. 

Butyl mercaptan...... 5 | Givesexcellent results but can not be obtained in the market at present. 

Ethyl mercaptan...... 8} Can be obtaired in the market. Boihng ear is very low; requicse 
care Not to exceed amount indicated. Must be kept hermetically 
sealed until ready for use, 

Amyl acetate. ........ 16 | Readily obtainable in the market, but the odor is not disagreeable. 

Butyrie acid. 2.2.2... 12} Readily obtainable, but may escape detection in the odors common to 
Tnines, 

Waleric acid 2.2.2.2... 40 | Readily obtainable, but may paca pe detection in the odors common to 
mines, Difficult to obtain a sufficiently high concentration becauss 


of slow evaporation, 


The column of figures in Table 5 shows the number of cubic centi- 
meters of liquid chemical to be used for each 1,000 cubic feet of 
air going through the mine. 

The total amount of free air going through the mine per minute 
should be determined approximately. This will include the venti- 
lating current, if there is any, whether it be artificial or natural, 
and also the amount of free air being sent through the compressed- 
air line. The latter may be determined closely enough by multi- 
plying the volume of the air cylinders of the compressor by the 
number of revolutions per minute. The pressure carried on the 
air line does not enter into the calculation. As a rule, if the mine 
is well ventilated. the amount of compressed air is negligible com- 
pared to the total quantity of air entering the mine. The number 
of thousands of cubic feet of air passing through the mine per min- 
ute should be multiplied by the factor given in Table 5, which will 
give the total quantity of stench to be used. This total quantity should 
be injected into the air line during a period of as nearly 60 seconds 
as can be regulated. For example: If a mine uses a total of 12,000 
cubic feet of air per minute, the quantity of ethyl mercaptan that 
should be used for a warning in that mine would be 8X12=96 cubic 
centimeters of the liquid. This quantity of the material may be 
kept in the injector ready for use, provided there are no leaks in 
the injector, and especially no leaks in the by-pass valves, The 
regulating valve in the bottom of the injector should be so arranged 
that when wide open the total measured quantity of stench will be 
discharged in 60 seconds. This may be tried out beforehand with 
water, as mentioned on page 23. 

It may be possible in some instances that the volume of air in the 
ventilating current is so large compared to the volume of compressed 
air that the latter can not carry enough of the chemical to make a 
strong odor when diluted with the ventilating current. This condi- 
tion is probably never reached in practice. If such a condition should 
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be found, the odor would be weak in the air ways, but would still be 
strong enough in the poorly ventilated parts of the mine to give an 
adequate warning. The excess chemical used would remain on the 
screen or in the pipe as a liquid, and should be cleaned out before 
the next warning. 

Should such a case arise, it would be of advantage to use one of the 
more volatile liquids, as shown by the low boiling points given in 
Table 2, page 11. Ethyl mercaptan would be particularly serv- 
iceable. 

WARNINGS IN WINTER, 


The tests at the experimental mine, described herein, were per- 
formed in summer. Those at the North Butte mine were performed 
in February, when the outdoor temperature was 24° F., and that of 
the air in the pipes at the point of injection was 93° F. It is possible 
that, in cold winter weather, with cold air in the pipes at the stench 
injector, different results would be obtained on account of the lower 
vapor pressures at low temperatures. Where the pipe line is exposed 
to extremely cold weather, ethyl mercaptan should be used in order 
to obtain sufficiently rapid evaporation, because the other less volatile 
compounds might be condensed in passing through the cold pipe. 

At cold winter temperatures, amyl acetate may give trouble by 
flowing more sluggishly. No trouble would be experienced, however, 
at the usual engine-room temperatures. 


CLEANING THE INJECTOR, 


After the apparatus has been used for sending a warning, it should 
be taken apart and thoroughly cleaned, particular care being taken 
to see that none of the liquid remains in the pipe. This is to prevent 


the possibility of an excess quantity being used in a subsequent - 


warning. 
TRAINING MINERS TO DETECT ODOR. 


If it is desired to teach the miners the nature of the odor to be used 
as a warning this should be done by having them smell vapor issuing 
from a nozzle or other small outlet, and not by putting them into a 
room where the air is saturated with the odor. If the latter method 
is used, the miner’s garments, unless thoroughly aired, might carry 
enough of the vapor to give a false warning later in the day. 


SUMMARY. 


1. The placing of stenches in the compressed-air lines of a mine, to 
warn miners of danger, offers certain advantages over the use of 


electric bells or other means of warning. Among these advantages 
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are convenience of installation, reliability of action, and positive 
effect upon the miners, the natural instinct being to flee from the ill- 
smelling air to pure air. 

2. An apparatus or “odorometer” for measuring intensity of 
odors was devised for the laboratory examination of various stenches. 

3. Of 24 chemicals examined, butyl mercaptan, ethyl mercap- 
tan, amyl acetate, butyric acid, and valeric acid were found most 
promising for mine warnings. 

4, Tests performed in mines showed that a quick and positive 
warning could be given with these materials. 

5, A simple apparatus, or injector, has been devised for introduc- 
ing the liquid chemicals into compressed-air lines of mines. 

6. Instructions for the use of the chemicals and the injector have 
been given. 

7. It is important that good ventilation be established to clear 
mines of the stench after a warning. 
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PUBLICATIONS ON SAFETY IN MINING. 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until 
the edition is exhausted. Requests for all publications can not be 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial in- 
terest. Requests for publications should be addressed to the Director, 
Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications avail- 
able for free distribution as well as those obtainable only from the 
Superintendent’ of Documents, Government Printing Office, on pay- 
ment of the price of printing. Interested persons should apply to the 
Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREB DISTRIBUTION, 


Buttetin 17. A primer on explosives for coal miners, by C. E. Munroe and 
Clarence Hall. 1911. 61 pp., 10 pls., 12 figs. 

BULLETIN 20, The explosibility of coal dust, by G. S. Rice, with chapters by 
J.C. W. Frazer, Axel Larsen, Frank Haas, und Carl Scholz. 1911. 204 pp., 
14 pls., 28 figs. 

BuLietin 42. The sampling and examination of mine gases and natural gas, 
by G. A. Burrell and F. M. Seibert. 1913. 116 pp., 2 pls., 23 figs. 

BuLte?in 46. An investigation of explosion-proof mine motors, by H. H. Clark. 
1912. 44 pp., 6 pls., 14 figs. 

Buttetin 48. The selection of explosives used in engineering and mining 
operations, by Clarence Hall and S. P. Howell, 1914. 50 pp., 3 pls., T figs. 

Butretin 50. A laboratory study of the inflammability of coal dust, by 
J.C. W. Frazer, E. J. Hoffman, and L. A. Scholl. jr. 1913. 60 pp., 95 figs. 

BULLETIN 52. Ignition of mine gases by the filaments of incandescent electric 
lamps, by H. H. Clark and L. C. Isley. 1918. 31 pp., 6 pls., 2 figs. 

Butuietin 56, First series of coal-dust explosion tests in the experimental 
mine, by G. S. Rice, L. M. Jones, J. K. Clement, and W. L. Egy. 1918. 115 pp., 
12 pls., 28 figs. 

Butietin 57. Safety and efficiency in mine tunneling, by D. W. Brunton and 
J. A. Davis. 1914. 271 pp., 6 pls., 45 figs. 

BuLietin 62. National mine rescue and first aid conference, Pittsburgh, Pa., 
September 23-26, 1912, by H. M. Wilson. 1913. 74 pp. 

BULLETIN 68, Electric switches for use in gaseous mines, by H. H. Clark and 
R. W. Crocker. 1918. 40 pp., 6 pls. 

3ULLETIN 74, Gasoline mine locomotives in relation to safety and health, by 
©}. P. Hood and R. H. Kudlich, with a chapter on methods of analyzing exhaust 
uses, by G. A. Burrell. 1915. 83 pp., 3 pls., 27 figs. 

3ULLETIN 75. Rules and regulations for metal mines, by W. R. Ingalls and 
others, 1915. 296 pp., 1 fig, 
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Buutetin 80. A primer on explosives for metal mines and quarrymen, by 
Cc. E. Munroe and Clarence Hall. 1915. 125 pp., 51 pls., 17 figs. 

BULLETIN 132. Siliceous dust in relation to pulmonary disease among miners 
in the Joplin district, Missouri, by Edwin Higgins, A. J. Lanza, F. B. Laney, 
and G. S. Rice. 1917. 116 pp., 16 pls., 6 figs. 

BULLETIN 139. Control of hookworm infection at the deep gold mines of the 
Mother Lode, California, by J. G. Cumming and J, H. White. 1917. 52 pp. 
1 pL, 5 figs. 

BULLETIN 99. Mine-ventilation stoppings, with especial reference to coat 
mines in Illinois, by R. Y. Williams. 1915. 30 pp., 4 pls. 4 figs. 

BULLETIN 102. The inflammability of Illinois coal dusts, by J. K. Clement and 
L. A. Scholl, jr. 1916. 74 pp., 5 pls., 22 figs. 

Buctetin 105. Black damp in mines, by G. A. Burrell, I. W. Robertson. and 
G. G. Oberfell. 1916. 92 pp. 

BULLETIN 131. Approved electric lamps for miners, by H. H. Clark. 1917. 
59 pp.. 17 pls., 7 figs. 

BULLETIN 137. The use of permissible explosives in the coal mines of Illinois, 
by J. R. Flemming and J. W. Koster. 1917. 110 pp.. 8 pls., 17 figs. 

TECHNICAL Paper 11. The use of mice and birds for detecting carbon 
monoxide after mine fires and explosions, by G. A. Burrell, 1912. 15 pp. 

TECHNICAL Paper 18. Gas analysis as an aid in fighting mine fires, by G. A. 
Burrell and F. M. Seibert. 1912. 16 pp., 1 fig. 

TECHNICAL PAPER 17. The effect of stemming on the efficiency of explosives, 
by W. O.. Snelling and Clarence Hall. 1912. 20 pp., 11 figs. 

TECHNICAL Paper 19. The factor of safety in mine electric installations, by 
H. H. Clark. 1912. 14 pp. 

TECHNICAL Paper 21. The prevention of mine explosions, report and recom: 
mendations, by Victor Watteyne, Carl Meissener, and Arthur Desborough, 
1912. 12 pp. 

TECHNICAL Paper 23. Ignition of mine gus by miniature electric lamps with 
tungsten filaments. by H. H. Clark. 1912. 5 pp. 

TECHNICAL Paper 28. Ignition of mine gas by standard incandescent lamps, 
by H. H. Clark. 1912. 6 pp. 

TECHNICAL Paper 80. Mine-accident prevention at Lake Superior iron mines, 
by D. E. Woodbridge. 1913. 388 pp., 9 figs. 

TECHNICAL Paper 44. Safety electric switches for mines, by H. H. Clark. 
1913. 8 pp. 

TecHNICAL Paper 59, Fires in Lake Superlor iron mines, by Edwin Higgins, 
1913. 34 pp., 2 pls. 

TECHNICAL PAPER 75. Permissible electric lamps for miners, by H. H. Clark. 
1914. 21 pp., 3 figs. : 

TECHNICAL PAPER 82, Oxygen mine rescue apparatus and physiological effects 
on users, by Yandell Henderson and J. W. Paul. 1917. 102 pp., 5 pls, 6 figs.‘ 

TECHNICAL Paper 84. Method of preventing and limiting explosions in eoat 
mines, by G. S. Rice and L. M. Jones. 1915. 50 pp, 14 pls., 5 figs. ‘ 

TECHNICAL Paper 100. Permissible explosives tested prior to March 1, 1915, 
by S. P. Howell. 1915. 16 pp. : 

TECHNICAL Paper 103. Organizing and eonducting safety work in mines, by 
H. M. Wilson and J. R. Fleming. 1917. 57 pp., 35 figs. 

TECHNICAL PAPER 108, Shot tiring in coal mines by electricity controlled from 
the outside, by H. H. Clark, N. V. Breth, and C. M. Means. 1915. 36 pp. 
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TECHNICAL Paper 112. The explosibility of acetylene, by G. A. Burrell and 
G. G. Oberfell. 1915. 15 pp. 

TECHNICAL Paper 119. The limits of inflammability of mixtures of methane 
and air, by G. A. Burrell and G. G. Oberfell. 1915. 30 pp., 4 figs. 

TECHNICAL PAPER 121. Effects of temperature and pressure on the explosibility 
of methane-air mixtures, by G. A. Burrell and I. W. Robertson. 1916. 14 pp., 
3 figs, 

TECHNICAL PAPER 122, Effects of oxygen deficiency on small animals and on 
men, by G. A. Burrell and G. G. Oberfell. 1915. 12 pp. 

TECHNICAL Paper 132. Underground latrines for mines, by J. H. White. 
1916. 23 pp., 2 pls., 7 figs. 

TECHNICAL PAPER 134. Explosibility of gases from mine fires, by G. A. Burrell 
und G, G, Oberfell. 1916. 31 pp., 1 fig. 

TECHNICAL PAPER 138. Suggested safety rules for installing and using elec- 
trical equipment in bituminous coal mines, by H. H. Clark and C. M. Means. 
1917. 36 pp. 

TECHNICAL Paper 154. Suggestions for improved methods of mining coal on 
Indian lands in Oklahoma, by J. J. Rutledge and Daniel Harrington. 1918. 
32 pp. 

‘TECHNICAL PAPER 169, Permissible explosives tested prior to January 1, 1917, 
by S. P. Howell. 1917. 19 pp. 

TECHNICAL Paper 174. Suggestions for the safe operation of gasoline engines 
in mines, by R. H. Kudlich and Edwin Higgins. 1917. 19 pp., 3 figs. 

Miners’ Crrcucar 4. The use and care of mine-rescue breathing apparatus, 
by J. W. Paul. 1911. 24 pp., 5 figs. 

Miners’ Crrcunar 5. Electrical accidents in mines, their causes and preven- 
tion, by H. H. Clark, W. D. Roberts, L. ©. Ilsley, and H. F. Randolph. 1911. 
10 pp., 3 pls. 

Miners’ Crrcutar 7. Use and misuse of explosives in coal mining, by J. J. 
Rutledge, with a preface by J. A. Holmes. 1913. 52 pp., 8 figs. 

Miners’ Crrcuar 9. Accidents from falls of roof and coal, by G. S. Rice. 
1912. 16 pp. 

MIneEks’ Crrcutar 10. Mine fires and how to fight them, by J. W. Paul. 1912. 
14 pp. 

Miners’ Crrcutar 11. Accidents from mine cars and locomotives, by L. M. 
Jones. 1902, 16 pp. 

Miners’ Crrcutar 12. Use and care of miners’ safety lamps, by J. W. Paul. 
1913. 16 pp., 4 figs. 

MINeERs’ Crrcutar 13. Safety in tunneling, by D. W. Brunton and J. A. Davis. 
1913. 19 pp. 

Miners’ CrrcunaR 14. Gases found in coal mines, by G. A. Burrell and F. M. 
Seibert. 1913. 23 pp. 

Miners’ Crecutar 16. Hints on coal-mine ventilation, by J. J. Rutledge. 1914. 
22 pp. 

Miners’ Crrcu.ar 18. Notes on miners’ carbide lamps, by J. W. Paul, 1915. 
11 pp. 

MINERS’ CIRCULAR 21. What a miner can do to prevent explosions of gas and 
of coal dust, by G. S. Rice. 1915. 24 pp. j 

MINERS’ CIRCULAR 23, Elementary first aid for the miner, by W. A. Lynott and 
I). Harrington. 1916. 24 pp., 19 figs. 

Rescue and récovery operations in mines after fires and explosions, by J. W. 
Paul and W. M. Wolflin. 1916. 109 pp. 
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Advanced first-aid instructions for miners, a report on standardization, by a 
committee of surgeons: G. H. Halberstadt, A. F. Knoefel, W. A. Lynott, W. S. 
Rountree, and M, J. Shields. 1917, 142 pp., 65 figs. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE SUPERIN- 
TENDENT OF DOCUMENTS. 


BULLETIN 10. The use of permissible explosives, by J. J. Rutledge and Clar- 
ence Hall. 1912. 34 pp., 5 pls., 4 figs. 10 cents. 

BULLETIN 26. Notes on explosive mine gases and dusts, with especial reference 
to explosions in the Monongah, Darr, and Naomi coal mines, by R. T, Chamber- 
lin. 1912. 67 pp., 1 fig. 10 cents. 

BuL.eTin 44. First national mine-safety demonstration, Pittsburgh, Pa., Octo- 
ber 30 and 31, 1911, by H. M. Wilson and A. H. Fay, with a chapter on the ex- 
plosion at the experimental mine, by G. S. Rice. 1912. 75 pp., 8 pls., 4 figs. 15 
cents, 

BULLETIN 72. Occurrence of explosive gases in coal mines, by N. H. Darton. 
1915. 248 pp., 7 pls., 32 figs. 35 cents. 

BULLETIN 82. International conference of mine experiment stations, Pitts- 
burgh, Pa., September 14-21, 1912, compiled by G. S. Rice. 1914. 99 pp. 15 
cents. : 

BULLETIN 83. The humidity of mine air, with especial reference to coal mines 
In Illinois, by R. Y. Williams. 1914. 69 pp., 2 pls., 7 figs. 10 cents. 

TECHNICAL PapER 14. Apparatus for gas-analysis laboratories at coal mines, 
by G. A. Burrell and F. M. Seibert. 1913. 24 pp., 7 figs. 5 cents. 

TECHNICAL PAPER 24. Mine fires, a preliminary study, by G. S. Rice. 1912, 
51 pp., 1 fig. 5 cents. 

TECHNICAL PAPER 29. Training with mine rescue breathing apparatus, by J. W. 
Paul, 1912. 16 pp. 5 cents. 

TECHNICAL Paper 89. The inflammable gases in mine air, by G. A. Burrell and 
I’. M. Seibert. 1913. 24 pp., 2 figs. 5 cents.. 

TECHNICAL PAprer 47. Portable electric mine lamps, by H. H. Clark. 1913. 
S pp. 5 cents. : 

TECHNICAL Paper 56. Notes on the prevention of gas and dust explosions in 
coal mines, by G. S. Rice. 1913. 24 pp. 5 cents. 

TECHNICAL PAPER 67. Mine signboards, by Edwin Higgins and Edward Steidle. 
1918. 15 pp., 1 pl, 4 figs. 5 cents. 

TECHNICAL PAPER 77, Report of the Committee on Resuscitation from Mine 
Gases, by W. B. Cannon, G. W. Crile, Joseph Erlanger, Yandell Henderson, and 
S. J. Meltzer. 1914. 35 pp., 4 figs. 5 cents. 

TECHNICAL Paper 101. Permissible explosion-proof electric motors for mines; 
conditions and requirements for test and approval, by H. H. Clark. 1915. 14 
pp., 2 pls., 1 fig. 5 cents, 

Miners’ CrrcuLar 15. Rules for mine rescue and first-aid contests, by J. W. 
Paul. 1918. 12 pp. 5 cents. 
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